Varenicline promotes smoking cessation and reduces urges to smoke. However, the mechanisms associated with these effects and their time course are not well characterized. One mechanism may be extinction, but the duration of the current dosing protocol may not be sufficient. We examined the effect of extended pre-treatment with varenicline on smoking behavior among 17 non-treatment seeking adult smokers. Using a within-subjects, double-blind, placebo-controlled crossover design, participants received standard dosing of varenicline for 21 days, followed by a 14-day washout period and 21 days of placebo; order counterbalanced. Cigarettes per day (CPD), smoking topography, smoking urges (QSU), and side effects were assessed every three days. Biomarkers (e.g. nicotine metabolites) were collected on days 1, 7, and 21. There was a significant drug by time interaction indicating a reduction in CPD during varenicline phase (between days 10-21), but no reduction during placebo. Varenicline also led to reductions in nicotine metabolites and urges to smoke. Among this sample of non-treatment seeking smokers, varenicline significantly reduced smoking behavior. Results have important treatment implications because changes in CPD and craving did not occur until after the typical one-week run-up period. This suggests that a longer duration of pre-treatment may be beneficial for some smokers.
Introduction
Varenicline, a partial agonist at the α4β2 nicotinic acetylcholine receptor (nAChR) and a full agonist at the α7 nAChRs, is an efficacious treatment for smoking cessation (Gonzales et al., 2006; Mihalak et al., 2006) . Preclinical data demonstrate that varenicline's agonist effects produce a moderate amount of dopamine release (Coe et al., 2005; Rollema et al., 2007) , resulting in reductions in withdrawal and craving (Brandon et al., 2011; Patterson et al., 2009; Perkins et al., 2010) . Varenicline binds to α4β2 nAChRs with higher affinity than nicotine, and so the rewarding effects of nicotine are also reduced (Le Foll et al., 2011) . Several human laboratory studies have demonstrated these effects (Brandon et al., 2011; Franklin et al., 2011; ).
Varenicline's effects on smoking behavior and subjective response to smoking have been partially explained through an extinction framework (Rollema et al., 2007) . Specifically, when the reinforcing properties of smoking are reduced (i.e. by blocking nAChRs), the frequency of the behavior (i.e. smoking behavior) should also decrease. Two recent studies have shown that extending the pre-treatment period (i.e. the duration of time medication is taken prior to making a quit attempt) to four weeks results in a greater reduction in smoking behavior prior to a quit attempt and an increase in cessation rates compared to a one-week run up, suggesting that the standard dosing regimen may not be sufficient to extinguish smoking behavior (Hajek et al., 2011; Hawk et al., 2012) . In animals, a longer duration of treatment with varenicline resulted in a greater reduction in nicotine self-administration (Le Foll et al., 2011) . Thus, there is support showing that varenicline increases abstinence rates by promoting extinction of smoking behavior.
Despite these converging lines of evidence in support of the extinction hypothesis, no study to date has systematically tested these behavioral mechanisms with respect to the time course of responses to varenicline. Laboratory studies typically administer varenicline for four days to three weeks and generally assess two or three timepoints (Ashare and McKee, 2012; Brandon et al., 2011; ). To better understand the time course of the effects of varenicline, it is necessary to repeatedly assess changes in smoking behavior during a longer course of treatment. Furthermore, varenicline's effects on smoking behavior and urges to smoke prior to a quit attempt may be important for identifying the optimal quit date in order to maximize treatment success . The current study employed a placebo-controlled cross-over design to assess the time course of changes in Effects of 21 days of varenicline versus placebo on smoking behaviors and urges among non-treatment seeking smokers smoking behavior. We hypothesized that three weeks of treatment with varenicline, compared to placebo, would reduce self-reported cigarettes per day, total puff volume measured via smoking topography, urges to smoke for positive reinforcement, and biological (e.g. nicotine metabolites) measures. Understanding these processes may be important for improving varenicline's effects on abstinence rates.
Methods and materials

Participants
Prospective participants were those who responded to local advertisements (e.g. newspaper and internet) to participate in a research study. Smokers were eligible if they were not currently seeking treatment for smoking cessation but reported an intention to quit smoking in the next six months; were between 21 and 65 years old; smoked ≥10 cigarettes/day for the past five years. Exclusion criteria included: currently receiving treatment for nicotine dependence; inability to provide a baseline CO reading>10 ppm; smoking menthol cigarettes; history or current treatment of substance abuse; self-reported alcohol use>25 drinks/week; history or current diagnosis of psychosis, major current depression, bipolar disorder, ADHD, schizophrenia, or other DSM-IV Axis I disorders (assessed via Mini-International Neuropsychiatric Interview (MINI) (Sheehan et al., 1998) on Day 1); recent (past 30 days) use of psychotropic medication; serious medical conditions (e.g. diabetes, kidney function impairment, uncontrolled hypertension); and pregnancy or planned pregnancy.
Procedures
Overview of study design. This was a within-subject, doubleblind, placebo-controlled crossover design. The study consisted of two 21-day phases during which participants were randomized to receive either varenicline or placebo (order counterbalanced), with a minimum 14-day washout period between phases. On Days 1, 4, 7, 10, 14, 18, and 21 of each phase, participants completed study visits to assess smoking behavior, craving, biomarkers of nicotine exposure, medication adherence, and side effects. During each phase and the washout period, participants were instructed to follow their urges and smoke as they wished. This study was conducted in accordance with the ethical principles of the Declaration of Helsinki and all procedures were approved by the Institutional Review Board of the University of Pennsylvania.
Eligibility screening. Initial eligibility was determined during a telephone interview by a trained research technician. Participants meeting preliminary eligibility criteria scheduled a screening session during which informed consent was given, eligibility requirements were reviewed, and a urine drug screen (and pregnancy test for females) and a blood pressure reading was taken. Eligible participants were then randomized to receive either varenicline or placebo during the first phase.
Study visits. All visits were scheduled between 8 am and 10 am. Participants arrived at approximately the same time of day for each visit (+/-1 hr) and provided a carbon monoxide breath sample, a urine sample (on Days 1, 7, and 21 for nicotine and cotinine;
on Day 1 only, drug screen, pregnancy screen for females), reported the number of cigarettes smoked since 00:01 that day, provided used cigarette filters collected since previous visit, and completed self-report questionnaires for smoking urges and withdrawal. On Day 1 of each phase, participants received study medication for that period and were instructed to follow their urges and smoke as they wished. Varenicline and matching placebo were provided by Pfizer. Dosing followed the standard regimen for varenicline: 0.5 mg orally once daily for Days 1-3; 0.5 mg orally twice daily for Days 4-7; 1.0 mg orally twice daily for Days 8-21. Study medication was administered in the presence of study staff at each visit and medication adherence, which was 97% during both periods, was assessed by pill counts. Side effects were monitored at each visit, consistent with previous varenicline research in our center (Patterson et al., 2009) . During each visit, participants smoked a cigarette on a topography machine. On Days 1, 7, and 21 participants completed a longer four-hour laboratory session during which additional measures were collected (data not reported here). During their final visit, participants were asked whether they had received varenicline during the first or second phase. Although 65% correctly identified when they were on active medication, this did not influence any outcome measure.
Washout period. At the end of the first 21-day phase, there was a minimum 14-day washout period to ensure complete elimination of the drug between phases. Participants were instructed to resume their pre-enrollment smoking practices and to maintain a daily cigarette consumption log as part of their recruitment/ appointment calendar.
Dependent measures
Smoking behavior. The primary dependent measure of smoking consumption was the self-reported number of cigarettes smoked per day recorded on a Timeline Followback (TLFB) (Sobell and Sobell, 1992) calendar for each day between visits. To confirm the number of cigarettes smoked, participants were asked to collect used cigarette filters and bring them to each visit in a re-sealable date-labeled bag provided for each study day. The correlations between self-reported number of cigarettes and cigarette filters returned at each were high (all rs>0.80, ps<0.001). The number of cigarettes per day between each visit was averaged to create a more stable estimate of cigarette consumption. The resulting six timepoints were used in subsequent analyses (e.g. Visit 1 cigarettes per day (CPD)=mean of Day 1, Day 2, and Day 3; Visit 2 CPD=mean Day 4, Day 5, and Day 6, etc.).
During each visit, participants smoked one of their preferred brand cigarettes under ad libitum conditions on a smoking topography device (Borgwaldt KC (recently Plowshare Technologies), Richmond, VA, USA) in a smoking-approved ventilated room. Puff volume, puff velocity, interpuff interval, and peak velocity were assessed. Total puff volume, defined as the sum of all puffs, was used as the primary dependent measure (Strasser et al., 2007 (Strasser et al., , 2011 . Next, total puff volume was multiplied by the number of cigarettes per day reported on the TLFB to form a composite measure of 'daily smoking behavior.' This measure was computed for each day and was used to further characterize daily smoking behavior by allowing adjustments in smoking while estimating for the total smoking behavior for each day; similar compensation models for daily smoking behavior have been previously proposed (Benowitz et al., 2005; Strasser et al., 2011). Craving. Craving for cigarettes was assessed with the 32-item Questionnaire of Smoking Urges (QSU) (Tiffany and Drobes, 1991) during each study visit. Each item is rated on a Likert-type scale from 1 (strongly disagree) to 7 (strongly agree). The QSU consists of two factors: Factor 1 reflects the desire to smoke for pleasure and Factor 2 reflects urges to smoke to relieve withdrawal-related negative affect. In addition to creating mean scores for each factor, we also created a QSU total score of all 32 items. Internal consistency for each scale across all timepoints was high (Cronbach's α > 0.95, 0.85, and 0.95 for Factor 1, Factor 2, and QSU total, respectively).
Biomarkers of nicotine exposure. Nicotine and cotinine measurements were conducted using a modification of a method described previously (Rangiah et al., 2011) . Briefly, urine (250 µL) was mixed with 0.5 mL of phosphate buffer (100 mM, pH 6.8) followed by the addition of 10 µL of internal standard solution (10 µL containing 100 µg/mL of each deuterated internal standard). The internal standard was also added to standard curve and quality control samples. The samples were incubated with β-glucuronidase enzyme (3000 units/ mL) for 12 hours at 37°C for the total (free + conjugates) analytes. Solid-phase extraction (SPE) columns (Oasis MCX) were pre-conditioned with 1 mL each of methanol, water and ammonium formate buffer (20 mM, pH 2.5). The pH of the samples was reduced to ~3 by adding 10 µL of 50% formic acid before loading on the SPE columns. The SPE columns were then washed with 1 mL ammonium formate buffer (20 mM, pH 2.5) and analytes were eluted with 500 µL methanol/aqueous ammonium hydroxide (95/5). After elution, the pH of the eluate was reduced to ~4 by adding 30 µL of 50% formic acid and 10 µL of the resulting solution was analyzed by liquid chromatography-multiple reaction monitoring/mass spectrometry as described previously (Rangiah, et al., 2011). Side effects. The Symptoms Evaluation Checklist (SEC) consists of 17 items representing potential drug side effects (e.g. headache, nausea, fatigue). Symptoms are rated on a scale ranging from 0 (none) to 3 (severe). Several summary scales can be generated from this instrument; we used the total symptom count which is the sum of the number of non-zero responses across all 17 items. Nausea is the most commonly reported side effect of varenicline (Cahill et al., 2011; Sofuoglu et al., 2011) , and because of this we examined this item separately.
Data analysis. Repeated-measures analysis of covariance (ANCOVA) models were used to assess treatment effects on smoking behavior (i.e. cigarettes per day, total puff volume, and daily smoking behavior), craving, and biomarkers of nicotine exposure. In each model, drug (varenicline vs placebo) and time were within-subject factors. For cigarettes per day and daily smoking behavior, the timepoints (Visit 1, Visit 2, Visit 3, Visit 4, Visit 5, Visit 6) reflect the fact that the number of cigarettes per day was averaged between each visit. For total puff volume, craving, and biomarkers, the timepoints (Day 1, Day 4, Day 7, Day 10, Day 14, Day 18, Day 21) reflect the fact that these data were collected on discrete days. Treatment order was included as a between-subjects factor in all models to account for order effects.
Age and Fagerstrom Test for Nicotine Dependence (FTND) scores were included as covariates in primary models. To correct for violations of the sphericity assumption in testing effects involving time, Huynh-Feldt epsilon adjustments were used (Huynh and Feldt, 1970) . We had a priori hypotheses about the drug by time interaction, and so follow-up simple effects analyses were used to examine the effects of time on varenicline and placebo in separate models. Exploratory post hoc analyses examined the specific time course of the effects of varenicline. Evidence that varenicline may have carryover effects (Patterson et al., 2009; Turner et al., 2011) prompted us to conduct post hoc tests to assess whether treatment order influenced cigarette consumption. In addition, we explored the association between changes in urges to smoke and cigarette consumption with Pearson correlations.
Results
Participant characteristics
During initial phone screens, 82 eligible participants scheduled a medical screening visit, of which 53 attended (64%), and 41 were determined eligible and expressed interest in participating in the study. For the laboratory sessions, 29 participants completed the first laboratory session, and of those, 23 participants returned for the follow up session (80%), which is consistent with previous attrition rates and similar to our projection for this study. Seventeen of the 23 participants (3 female) completed all visits and assessments and are the basis of our analysis below. The majority of participants described themselves as Caucasian (94%), 53% had never been married, more than half (59%) had a college degree, and 53% were employed at least part-time. Participants ranged from 22 to 64 years old (mean=43 years; SD=15) and had an average body mass index (BMI) of 26.1 (SD=5.8). Participants reported that on average they smoked 18 cigarettes per day (SD=5.6), began smoking at age 17 years (SD=7), and were moderately nicotine dependent (FTND mean=5.1, SD=2). At the eligibility screening visit, the average carbon monoxide (CO) breath level was 26 ppm (SD=10.6).
As a result of the high rate of attrition, we conducted preliminary analyses comparing participants who completed the study to those who did not. Compared to those who completed the study, participants who were lost to attrition tended to be younger (mean=35 years, SD=12) and have lower baseline CO levels (mean=20.4, SD=11), F(1,40)=3.6 and 3.1, p=0.06 and 0.09, respectively. The two groups did not differ on any other characteristic.
Effect of treatment on behavior
Cigarette consumption. Figure 1 depicts mean (SE) for cigarettes per day for all study visits by drug phase. For cigarettes per day, there was an overall significant drug × time interaction, 65) =3.6, p=0.006, η p 2 =0.22. Separate contrasts revealed that the drug × time linear interaction was significant, F(1,13)=17.4, p=0.001, η p 2 =0.57. Post hoc comparisons indicated that in the varenicline phase, there was no change in cigarettes per day between Visits 1 (mean=16.1, SE=0.86) and 3 (mean=15.1, SE=1.3; Days 1 through 9), F(1,13) = 1.1, p=0.35, η p 2 =0.16. Cigarettes per day began to decrease at Visit 4 (14.1, SE=1.3) and continued to decrease through Visit 6 (mean=12.8, SE=1.3), F(1,13)=4.8, p=0.02, η p 2 =0.57. Overall, there was a 23% reduction in cigarettes per day during the varenicline phase. In contrast, there was a non-significant reduction in cigarettes per day during the placebo phase (mean difference=1.7, SE=1.1), F<1. Similar results were observed when examining cigarettes per day by discrete timepoints (i.e., the final day between each visit). The drug × time interaction was significant, F(1,13)=8.8, p=0.01, η p 2 =0.4. The means (SE) for the varenicline period were: 15.2(0.65); 15.5(1.2); 15.2(0.95); 14.8(1.6); 14.5(1.4); 13.3(1.3); and 12.4 (1.3). For the placebo period, the means (SE) were: 15.8(1.2); 16.3(1.0); 15.0(1.1); 15.8(1.3); 16.7(1.2); 14.2(1.6); and 13.4(1.7). Despite the fact that participants smoked fewer cigarettes during the second phase compared to the first phase, treatment order × drug interaction F(1,13)=11.5, p=0.005, η p 2 =0.47, treatment order had no effect on the critical drug x time interaction, p=0.22.
Smoking topography. Although there were main effects of age and treatment order on total puff volume, F(1,11)=5.8, p=0.034 and F(1,11)=8.9, p=0.012, respectively, the main effects of drug and time and their interaction were not significant, all ps>0.22. Despite randomizing treatment order across participants, those who received placebo first demonstrated lower total puff volume (mean=523.4, SE=41), regardless of drug or time compared to those who received varenicline first (mean=684.6, SE=33).
Daily smoking behavior. For the composite measure of 'daily smoking behavior' (product of cigarettes per day and total puff volume), the Huynh-Feldt adjusted drug × time interaction was significant, F(6,66)=2.4, p=0.036, η p 2 =0.18. Similar to cigarettes per day, the drug × time linear contrast was significant, F(1,13)=7.5, p=0.02, η p 2 =0.40. Simple effects post hoc tests suggested that during varenicline, there was a significant reduction in total smoking behavior from Visit 1 (Day 1) (mean=9375.4, SE=538) to Visit 6 (Day 21) (mean=6564.4, SE=999), F(1,13)=8.2, p=0.014, η p 2 =0.38. In contrast, there was no significant change in total smoking behavior during placebo from Visit 1 (mean=9550.8, SE=1097) to Visit 6 (mean=7892.3, SE=1068), F < 1.
Effect of treatment on craving
Figure 2 depicts QSU Factor 1 and 2 scores by time for each drug phase. Based on our hypothesis that varenicline may reduce smoking behavior through a decrease in the anticipation of pleasure from smoking, we predicted that decreases in urges to smoke would be primarily due to reductions in QSU Factor 1 ('anticipation of pleasure from smoking'). Although the drug × time interaction was not significant, F(1,11)=1.2, p=0.30, QSU Factor 1 tended to decrease across time, F(1,11)=2.9, p=0.11, η p 2 =0.21. Unprotected follow-up tests indicated that decreases in 'urges to smoke for pleasure' (QSU Factor 1) only occurred in the varenicline phase, F(1,13)=6.0, p=0.03, η p 2 =0.32. Between Day 1 and 10, there were no significant changes in QSU Factor 1 scores, ps>0.22. Beginning at Day 14, there were significant decreases in urges to smoke for pleasure in the varenicline phase, F(1,13)=11.8, p<0.01.
There were no effects of drug or changes across time for QSU Factor 2 ('urges to smoke for withdrawal relief'), Fs <1. For the total QSU score, the repeated measures ANCOVA model revealed no significant changes in overall urges to smoke as a function of time or drug, ps>0.17. However, the pattern of means suggested a greater reduction in craving scores during varenicline (mean difference=0.55, SE=0.24) compared to placebo (mean difference=0.32, SE=0.27). Table 1 contains means (SD) for all drug × time cells for nicotine metabolites. For total metabolites, there was an overall effect of time, F(1,12)=5.1, p=0.045, η p 2 =0.32, such that the total urinary metabolites decreased from Day 1 to Day 21, irrespective of drug condition, drug and drug × time interaction, Fs <1. For urinary nicotine, the drug × time quadratic interaction was marginal, F(1,12)=3.6, p=0.08, η p 2 =0.24. Consistent with self-reported cigarettes per day, there was a significant decrease in urinary nicotine in the varenicline phase, F(1,12)=12.3, p=0.004, η p 2 =0.51, but not in the placebo phase, F<1. Although cotinine tended to decrease across time this effect was not statistically sig- nificant, F(1,12)=3.1, p=0 .10, η p 2 =0.21. The overall effect of drug and the drug × time interaction were not significant, Fs <1. There were no significant changes in CO breath levels either as a function of drug or time, Fs <1.
Effect of treatment on biomarkers of nicotine exposure
Side effects
There were no significant main effects or interactions for drug and time on the side effects summary score, Fs<1.2, ps>0.30. Nausea ratings were marginally higher in the varenicline phase compared to placebo, F(1,12)=4.3, p=0.06, η p 2 =0.27 and this effect appeared to vary across time, drug × time quadratic interaction, F(1,12) = 5.7, p=0.034, η p 2 =0.32. However, the increase in nausea appeared to be driven by a small subset of participants. Indeed, the majority of participants reported no nausea during varenicline (n=14). Only three smokers reported mild or moderate nausea and no one reported severe nausea. There were no significant changes in nausea ratings in the placebo phase, F(1,12)=1.2, p=0 .31. Importantly, there were no differences in medication adherence between individuals who reported nausea (mean compliance=99%) and individuals who did not (mean compliance=98%), nor were there differences between the placebo phase and the varenicline phase (96% vs 97%), F<1.
Association between changes in urges to smoke and cigarette consumption
Post hoc correlation analyses were conducted to explore the association between the time course of varenicline's effects on urges to smoke and cigarette consumption. We observed a reduction in cigarettes per day beginning at Visit 3 (i.e. Day 10), and so we were interested in whether a reduction in urge to smoke prior to Day 10 was related to changes in cigarette consumption. Thus, we examined the relationship between decreases in urges to smoke from Day 1 to Day 10 and subsequent reductions in cigarettes per day from Day 10 to Day 20. Both QSU factors were included and the varenicline and placebo phases were examined separately. Results revealed that decreases in urges to smoke for pleasure (QSU Factor 1) were significantly associated with greater reductions in cigarette consumption (r=0.60, p=00.01) during the varenicline phase, but not the placebo phase (r=-0.06, p=0.82) . Changes in urges to smoke to reduce negative affect and decreases in cigarettes per day were not related in either phase (rs<0.33, ps>0.21).
Discussion
We examined the time course of smoking behavior during 21 days of varenicline and placebo in order to elucidate the mechanisms by which varenicline extinguishes smoking behavior. The key finding is that varenicline reduced cigarettes smoked per day, compared to placebo. This finding was supported by decreases in nicotine metabolites and reduced urges to smoke for pleasure. There were no observed changes to urges to smoke for withdrawal relief. Although smoking topography was not sensitive to treatment effects, we did observe a reduction in the composite measure of daily smoking behavior during varenicline providing additional support for the hypothesis that varenicline alters smoking behavior. Few participants reported nausea, suggesting that changes in smoking behavior are likely not to be attributable to side effects of varenicline. The current data also provide insight into differences in the time course of changes across measures. These findings highlight the importance of examining underlying behavioral mechanisms by which treatments work to enhance their efficacy.
One of the strengths of the current design was the inclusion of multiple assessments during each 21-day treatment period. Typically, smokers are told to set a quit date seven days after starting medication (Fiore et al., 2008) . During the varenicline phase, we did not observe a significant change in cigarette consumption until Day 10. Following this initial reduction, the number of cigarettes per day continued to gradually decrease during the remainder of the varenicline phase. According to current treatment recommendations, the target quit day would have occurred three days prior to the observed decrease in CPD in the current study. Reducing cigarette consumption prior to a quit attempt may be important for reducing the severity of withdrawal symptoms and urges to smoke . Furthermore, pre-treatment with nicotine replacement therapy enhances abstinence rates and may reduce urges to smoke, suggesting that the effect of pre-treatment may not be specific to varenicline (Rose, 2011; Rose et al., 2006; Shiffman and Ferguson, 2008) . Although no study to our knowledge has tested this hypothesis, the current data indicate that the time course of the reduction in CPD may have important implications for one's ability to remain abstinent. Hughes et al. (2011) also propose that a pre-quit reduction in cigarette consumption may decrease dependence on cigarettes, which may enhance the likelihood that a smoker will make a quit attempt. Consistent with this hypothesis and the current data, there is mounting evidence that a longer duration of pre-treatment with varenicline may promote abstinence among smokers (Hajek et al., 2011) . In that study, 35% of the varenicline group reduced cigarette consumption by 50% prior to a quit attempt, compared to only 10% who received placebo during the 3-week pre-treatment phase. Furthermore, 'reducers' who received extended treatment with varenicline had higher 12-week abstinence rates compared to non-reducers and those receiving standard treatment (Hajek et al., 2011) . As a comparison to Hajek et al. (2011) , we conducted similar analyses and observed a comparable number of reducers in both the varenicline (30%) and placebo phase (11%). To further characterize these participants, we found that reducers smoked fewer cigarettes per day (17 vs 21 CPD), tended to have lower nicotine dependence scores (3.8 vs 5.6), and tended to wait longer to smoke the first cigarette of the day. Of note, all but one of the 11 non-reducers reported smoking their first cigarette within the first 30 minutes of waking. Evidence suggests that the first cigarette of the day predicts overall smoke exposure , cotinine levels (Muscat et al., 2009) , and ability to quit smoking (Baker et al., 2007) . Although these analyses were purely exploratory to help characterize these groups, they may have important treatment implications and provide directions for future research. Hughes et al. (2011) also highlight another important aspect of the current study -the need to understand how those with low motivation to quit may respond to treatment. Certainly, it is important to demonstrate treatment efficacy in clinical trials, but only about 8% of the US population reports planning to quit in the next month (Boyle et al., 2000; Wewers et al., 2003) . The current study adds to the relatively small literature on the effects of varenicline on non-treatment seeking smokers and provides important information regarding the generalizability of existing treatments to a broader population of smokers. In the present sample, treatment with varenicline resulted in a 23% reduction in cigarette consumption and daily smoking behavior (the product of cigarettes per day and total puff volume). This is consistent with previous work in non-treatment seeking smokers, suggesting that varenicline reduced smoking behavior by 29% compared to 17% for placebo ; we observed a comparable 15% reduction during the placebo phase. Furthermore, smokers who were treated with varenicline made a quit attempt sooner than those who received placebo, 17 days vs 24 days (Rennard et al., 2012) and made significantly more quit attempts in a 6-month period compared to placebo . In contrast to previous studies (e.g. Hughes et al., 2011; Rennard et al., 2012) , we instructed participants to follow their urges and smoke as they wished and we did not provide brief counseling or encourage smokers to consider a quit attempt. Despite this difference, we observed comparable changes in smoking behavior following treatment with varenicline. It is worth noting that we were able to identify changes in smoking behavior and urges to smoke at Day 10 and 14, respectively. Because these changes immediately precede the Day 17 quit attempt in the Rennard et al. (2012) study, collectively these results may indicate an important pattern of events at a critical time period. Thus, a longer duration of pre-treatment with varenicline may reduce smoking behavior and prompt a quit attempt among ambivalent smokers in addition to promoting abstinence among motivated smokers .
In general, evidence suggests that varenicline reduces reinforcement from smoking and urges to smoke (Brandon et al., 2011; Gonzales et al., 2006) and the current data support this hypothesis. We observed decreases in urges to smoke for pleasure during the varenicline phase, but not the placebo phase, despite the fact that the overall interaction was not significant. Similar to smoking behavior, changes in urges to smoke did not emerge until well after the standard one-week run-up period (Day 14). Hughes et al. (2011) suggest that this decrease in pleasure from smoking may lead to extinction of smoking and increase confidence in the ability to quit. Therefore, we conducted an exploratory post hoc analysis which revealed that during the varenicline period, early decreases in urges to smoke for pleasure were associated with greater subsequent reductions in cigarette consumption. This relationship was not evident during the placebo phase nor was there a relationship between urges to smoke to reduce negative affect and changes in cigarettes per day in either phase.
Also consistent with our hypothesis, there were few changes in urges to smoke for withdrawal relief during either the varenicline or placebo phase. The few studies that have found that varenicline reduces urges to smoke to relieve negative affect tested smokers following at least 12 hours of abstinence (Ashare and McKee, 2012; Brandon et al., 2011) . Since smokers in the current study were not trying to quit or remain abstinent, it is not surprising that we did not observe reductions in urges to smoke for withdrawal relief. Nevertheless, we were interested in examining whether specific items from QSU Factor 1 were sensitive to the effects of varenicline. An exploratory set of analyses revealed that only three items significantly decreased during the varenicline phase: 'I have no desire for a cigarette right now', 'I would not enjoy a cigarette right now', and 'A cigarette would not be very satisfying right now.' We speculate that this cluster of items reflects a more sensitive measure of the anticipated positive reinforcement from smoking and may be one way in which varenicline promotes extinction. However, these tentative conclusions require replication in future studies.
Limitations
Several limitations of the current study warrant mention. First, attrition rates were high with only 17 of the 29 who attended the first visit completing all sessions. We considered whether the non-completers differed in potentially important ways from those who completed the study. Other than marginal differences in age and baseline CO levels, there were no other significant differences between the two groups on any other demographic or smoking characteristic. It is also important to note that the final sample consisted primarily of Caucasian males, which may limit the generalizability of the present findings. Second, although drug order was randomized across participants and accounted for in all analyses, previous work suggests that varenicline may have carryover effects (Patterson et al., 2009; Turner et al., 2011) . However, in the current study, participants' cigarette consumption at Visit 1 of each phase did not vary according to treatment order. Rather, all participants reported smoking fewer cigarettes at the start of their second phase. Nevertheless, future studies can address possible treatment carryover effects by using a longer washout period or a between-subjects manipulation. Third, biomarkers (metabolites, CO) were less sensitive to the effects of varenicline than cigarette consumption. Nicotine metabolites were only assessed at three timepoints (Days 1, 7, and 21), which may have limited our ability to detect changes that corresponded with the reduction in cigarette consumption observed at Day 10. Thus, it may be useful to assess biomarkers more frequently in future work.
Conclusions
The current results have important implications for treatment. Namely, the fact that changes in CPD and urges to smoke did not occur until Days 10 and 14, respectively, suggests that some smokers may benefit from a longer pre-cessation duration of treatment in order to extinguish a complex behavior such as cigarette smoking. Furthermore, reductions in urges to smoke were related to subsequent decreases in cigarette consumption. Importantly, these changes occurred among non-treatment seeking smokers, which indicates that extended use of varenicline may reduce smoking behavior and perhaps prompt a quit attempt, even among less motivated smokers. The current data add to a growing body of literature, which advocates for developing more personalized treatment strategies (Patterson et al., 2008) , including allowing smokers to choose their own quit date (Rennard et al., 2012) . The present findings provide important information regarding the time course of varenicline's effects on smoking behavior, which may provide insight into the mechanisms by which varenicline promotes cessation.
